Neonatal diabetes mellitus (NDM) is a rare form of diabetes characterized by hyperglycemia occurring in the first few months of life. It can present as either transient NDM (TNDM), which resolves by a few months, or permanent NDM (PNDM), which continues throughout life. The etiology of this disease remained unclear until recently, when advances in molecular genetic techniques illuminated the mechanisms involved in the pathogenesis of the disease. Having delineated the genes involved in insulin production and secretion and their association with NDM, we currently understand the molecular basis of this disease. While most TNDM cases are caused by the overexpression of chromosome 6q24, the majority of PNDM cases are due to mutations in the adenosine triphosphate-sensitive potassium (K ATP ) channel. The improved understanding of the etiology of the disease had revolutionized the diagnosis and its management with oral sulfonylureas. The primary objective of this study was to review the current understanding of neonatal diabetes, including its genetic etiologies, clinical presentation, diagnosis, acute treatment, and long-term management.
Introduction
Neonatal diabetes mellitus (NDM) is defined as insulin-requiring persistent hyperglycemia occurring in first 6 months of life. Although NDM is considered a rare disease and is usually estimated to affect one in 300,000 to 400,000 newborns, its incidence has been reported to be as high as 1:89,000 in some European countries. 1, 2 Based on the disease course, NDM is stratified as transient NDM (TNDM) and permanent NDM (PNDM). TNDM, accounting for 50% to 60% of all NDM cases, requires initial insulin treatment but appears to resolve spontaneously by a median of 12 weeks of age, only to relapse years later. Permanent NDM is less common and is also characterized by early hyperglycemia; however, unlike TNDM, PNDM has no period of remission and must be treated lifelong. Unlike autoimmune diabetes, which is extremely rare before 6 months of age, NDM is a monogenic form of diabetes, with insulinopenia resulting from abnormal pancreatic islet development, decreased B-cell mass, or B-cell dysfunction. 3
Types of neonatal diabetes mellitus
Transient neonatal diabetes mellitus of altered expression of genes on chromosome 6. It was first associated with paternal uniparental disomy of chromosome 6 (UPD6) in 1995, suggesting it was disorder of imprinting. 4 Over the years, studies confirmed that TNDM was the result of the inappropriate overexpression of the chromosome region 6q24, which is now known to contain two major TNDM gene candidates, ZAC 1 (zinc finger, apoptosis, and cell cycle) and HYMA1 ([Fe] hydrogenase subunit HymA). 5, 6 Normally, this locus at chromosome 6q24 is imprinted such that only the paternal allele is actively expressed, while the maternal allele remains silent. It is estimated that 70% of TNDM is the result of a loss of imprinting in the chromosome 6q24 region and the subsequent overexpression of both gene products. 7 The overexpression of the genes in the 6q24 locus has three known genetic etiologies: 1) paternal UPD6 (partial or complete), which accounts for the majority of sporadic cases; 2) duplication of the TNDM1 region of the paternal chromosome 6, which is common in familial cases; and 3) maternal hypomethylation of the TNDM1 region and thus activation of the maternal allele, which is also found in sporadic cases (Table 1) . 6 Recent studies have identified, in a small number of cases, TNDM is a result of mutations in the KCNJ11 (potassium inwardly-rectifying channel, subfamily j, member 11) and ABCC8 (ATP-binding cassette transporter subfamily C, member 8) genes, which encode the K ATP channel ( Table 1) . 8 Another novel but rare genetic cause of TNDM involves mutations in the HNF-1B (hepatocyte nuclear factor-1B gene), 9, 10 which was previously known to be responsible for maturity-onset diabetes of the young 5 (MODY5). Although hyperglycemia remits in TNDM patients by the age of 18 months, a relapse of diabetes occurs in 50% of the patients, usually during adolescence or early adulthood, at median age of 14 years. Relapse has been reported as early as 4 years of age, but usually coincides with a period of increased insulin demand, such as puberty or pregnancy. Thus, this transient form of disease is probably a permanent B-cell defect with variable expression during growth and development. 3, 6, 11 
Permanent neonatal diabetes mellitus
To date, permanent NDM is known to be caused by approximately a dozen genes involved in pancreatic development, B-cell apoptosis, or dysfunction. Mutations in the KCNJ11 or ABCC8 genes, encoding the K ATP channel subunits KIR6.2 (ATP-sensitive inward rectifier potassium channel) and SUR (sulfonylurea receptor)1, respectively, account for the majority of PNDM cases. 11 Other mutations leading to PNDM include the genes that encode GCK, insulin promoter factor 1, pancreas transcription factor 1α, FOXP3 (forkhead box P3 protein), or EIF2AK3 (eukaryotic translation initiation factor 2-alpha kinase). 12 The K ATP channel is a heterooctameric complex composed of four SUR1 and poreforming KIR6.2 subunits; maintenance of the 1:1 ratio of SUR1: KIR6.2 is essential to both the assembly and function of K ATP . 12, 13 In normal pancreatic B-cells, glucose metabolism results in an increased production of intracellular ATP, which binds to the KIR6.2 subunit, causing the potassium channel to close and inhibiting potassium efflux; this subsequently results in cell membrane depolarization, triggering an influx of calcium and initiating insulin secretion ( Figure 1 ). Mutations of the KCNJ11 gene compromises the sensitivity of inhibitory ATP by the KIR6.2 subunit, causing permanent opening of the potassium channel and preventing cell depolarization and insulin secretion. 13 Similarly, activating mutations of the ABCC8 gene decrease the channel closure and compromise insulin release. 12 Although mutations in the KCNJ11 gene and ABCC8 gene result in distinct molecular mechanisms, at the physiological level, they both manifest as insulin deficiency and remain clinically indistinguishable. The identification of these mutations in NDM patients is imperative as it not only helps establish diagnosis but also, directs the long-term medical management and genetic counseling. Oral sulfonylurea agents are highly effective in patients with KCNJ11 gene and ABCC8 gene mutations, providing better glycemic control than insulin. 11, 14 In a minority of patients, PNDM secondary to K ATP channel mutations has also been associated with neurological features, representing the most severe clinical form of PNDM, Developmental delay, Epilepsy, and Neonatal Diabetes (DEND) syndrome. This is believed to be the result of mutated K ATP channels in the brain since both the KCNJ11 gene and the ABCC8 gene are expressed in neuronal tissue. Fortunately, more common is a milder picture of this spectrum, with less severe developmental delay and without generalized epilepsy, known as intermediate DEND (iDEND). 11, 15 Heterozygous mutations in the insulin gene (INS) have been identified and could be the culprits in 15%-20% of PNDM cases; patients with these mutations have permanent diabetes without extrapancreatic features except for a low birth weight, a feature of all NDM subtypes as a result of the insulin deficiency. A complete deficiency of the glycolytic enzyme GCK is another cause of PNDM. GCK acts as the glucose sensor of the pancreatic B-cell since the conversion of glucose to glucose-6-phosphate by GCK is the rate-limiting step of the glycolytic pathway and ultimately determines the threshold for glucose-induced insulin secretion. Inactivating homozygous mutations of the GCK gene have a dramatic GLIS3, Gli-similar 3 protein (zinc finger protein); GLUT2, glucose transporter 2; HNF-1B, hepatocyte nuclear factor-1-beta; INS, insulin; IPF1, insulin promoter factor; iUGR, intrauterine growth retardation; KCNJ11, potassium inwardly-rectifying channel, subfamily j, member 11; KIR6.2, ATP-sensitive inward rectifier potassium channel; MODY, maturity onset diabetes of the young; NEUROD1, neuronal differentiation 1; NEUROG3, neurogenin-3; PDX1, pancreatic and duodenal homeobox 1 (insulin promoting factor); PTF1A, pancreas transcription factor; RFX6, regulatory factor X 6; SLC, solute carrier protein; SUR1, sulfonylurea receptor.
effect on the phosphorylation, blocking glucose metabolism and ATP production and hence, diminishing insulin secretion. Homozygous inactivating mutations in the insulin promoter factor-1 (IPFI) gene, a master regulator of exocrine and endocrine pancreatic development, are associated with marked exocrine and endocrine failure secondary to pancreatic agenesis. It is worth noting that mutations in the genes IPF-1 and GCK cause MODY in the heterozygous state but PNDM in the homozygous state (Table 1) . 3 A number of other syndromes have been associated with PNDM, reflecting that the roles played by the genes extend beyond pancreatic B-cell dysfunction. For instance, (Table 1 ). Other rare causes of NDM include mutations in genes encoding transporters such as glucose transporter (GLUT)2 and thiamine transporter (see Table 1 ). It is worth noting that in cases where the cause of NDM remains unknown, mitochondrial diabetes may also be considered, especially in presence of other organ manifestations. Maternally inherited diabetes associated with early-onset bilateral sensorineural deafness is one such example of mitochondriopathy secondary to a messenger deoxyribonucleic acid (mDNA) A3243G point mutation. A suspicion of mitochondrial diabetes is provided by a strong familial clustering of diabetes. 16 Although our focus rests on neonatal diabetes, it is important to acknowledge that many of the genes discussed here are implicated in other disorders, most notably congenital hyperinsulinism and MODY. In fact, inactivating mutations in KCNJ11, ABCC8, and GCK are among the common genetic causes of congenital hyperinsulinism. On the other hand, MODY presents later in life and is associated with mutations in GCK, HNF1B, PDX1 (pancreatic and duodenal homeobox 1), and NEUROD1.
Presenting features
The cardinal symptoms of NDM include hyperglycemia at birth, IUGR, failure to thrive, dehydration, and, rarely, ketoacidosis. The hyperglycemia is markedly severe and is accompanied by low or undetectable insulin and C-peptide levels. Although hyperglycemia has been reported to manifest as the typical diabetic symptoms of polyuria and polydipsia in NDM patients, the clinical picture may mimic sepsis in a newborn as the young age of the patients often makes these parameters difficult to assess. 12, 17 Hyperglycemia can also, rarely, progress to ketoacidosis but more so in PNDM than Abbreviations: ADP, adenosine diphosphate; AiP aryl hydrocarbon receptor interacting protein; ATP, adenosine triphosphate; eiF2AK3, eukaryotic translation initiation factor 2-alpha kinase; FOXP3, forkhead box P3 protein; GLIS3, Gli-similar 3 protein (zinc finger protein); GLUT2, glucose transporter 2; HNF-1B, hepatocyte nuclear factor-1-beta; iNS, insulin; iPF1, insulin promoter factor; K ATP , ATP-sensitive potassium channel; NeUROD1, neuronal differentiation 1; NeUROG3, neurogenin-3; PTF1, pancreas transcription factor; RFX6, regulatory factor X 6; SLC19A1, solute carrier (thiamine transporter); SUR1, sulfonylurea receptor; KIR6.2, ATP-sensitive inward rectifier potassium channel. 
Research and Reports in

59
Neonatal diabetes mellitus in TNDM patients. It can occur as early as 3 days of age and has been reported as the presenting symptom in multiple cohort studies and case reports. [17] [18] [19] [20] [21] IUGR is seen in .95% of TNDM patients, typically developing in the third trimester, such that the birth weight is typically 1.5-2.5 kg. 6 In fact, low birth weight can be regarded as a bioassay for in utero insulin secretion since insulin's role as growth factor is an important component of fetal growth. The incidence of neonatal macrosomia in the setting of uncontrolled maternal diabetes or gestational diabetes is further evidence for insulin-mediated growth. It is important to note that maternal insulin cannot cross the placental barrier, and therefore, the failure of the developing fetus to produce insulin severely affects fetal growth parameters, including weight, length, and head circumference. 21 In contrast, IUGR is not as prevalent or severe in cases of PNDM. A 2002 French cohort study found that IUGR was present in 74% cases of TNDM versus 36% cases of PNDM. Moreover, the TNDM patients were diagnosed at an earlier age (median age 6 days; range 1-81 days) relative to the PNDM patients (median age 27 days; range 1-127 days). The birth weight was also significantly lower in the TNDM patients (1,987±510 g) compared with the PNDM patients (2,497±610 g). Although the reasons are not clear, it is hypothesized that a defect in B-cell function and/or development is present in early postnatal life in TNDM, while satisfactory fetal B-cell function and/or development followed by a rapid B-cell failure after birth occurs in PNDM. 21 A recent (2007) study by Flanagan et al illustrated that birth weight was significantly lower in TNDM patients with chromosome 6q abnormalities than in TNDM patients with K ATP channel mutations. 8
Diagnosis
Hyperglycemia is commonly defined as blood glucose more than 6.9 mmol/L or plasma glucose 8.3 mmol/L. While NDM is important in the differential diagnoses of neonatal hyperglycemia, it is also quite rare and therefore, other reversible causes of hyperglycemia should first be excluded. Neonatal hyperglycemia is commonly seen in preterm or extremely low birth-weight infants receiving glucose infusion at high rate (.10-12 mg/kg/min); since prematurity and IUGR are associated with immature B-cell and B-cell mass respectively, subsequent relative insulin deficiency results in hyperglycemia. 22, 23 Other iatrogenic factors include use of inotropes, glucocorticoid therapy, lipid infusions, theophylline, and caffeine. 24, 25 Sepsis, surgical procedure, anesthesia, and other critical illnesses can lead to elevated blood sugar levels, potentially secondary to a stress response and concomitant rise in epinephrine and cortisol, decreased insulin release, and impaired glucose utilization. 24 Inborn errors of amino acid metabolism, including methylmalonic aciduria and alaninuria, can also cause secondary hyperglycemia.
Differentiating between monogenic diabetes and autoimmune diabetes can be a potential diagnostic dilemma given the variable age of presentation for NDM. In a retrospective study with 111 children requiring insulin before 1 year of age, it was found that children diagnosed before 180 days of age had a greater frequency of protective human leukocyte antigen (HLA) alleles against Type 1 diabetes and lower prevalence of autoimmune markers than did those diagnosed after 180 days of age. 26 A prenatal diagnosis of NDM by a deoxyribonucleic acid (DNA) analysis of fetal cells obtained through amniocentesis or chorionic villus sampling is possible for pregnancies at increased risk of NDM and if the disease-causing mutation(s) in the family are previously known. Preimplantation genetic diagnosis may be an option when the disease-causing mutation has been identified. 27 Molecular genetic testing is offered in the USA and most European countries. Many labs also test patients from other countries. Some genetic tests for NDM are available as research tests, with the result reported within a few weeks of receipt of the sample. These tests are expensive but have a huge impact on the management of the proband and other family members.
Genetic counseling
Genetic counseling for NDM patients depends on the genetic etiology as the mode of inheritance widely varies for the genes involved. The majority of TNDM cases result from UPD6, which is sporadic and therefore has a low probability of recurrence in siblings and offspring. In familial cases with paternal duplication of the chromosome 6q24 region, affected males have a 50% chance of passing TNDM to their offspring. In the case of maternal duplication, children will not be affected, but the sons can potentially transmit TNDM to their offspring. 11 On the other hand, most cases of K ATP channel mutations in PNDM are the result of spontaneous de novo heterozygous mutations, affecting children with a negative family history. However, activating mutations in the KCNJ11 gene and ABCC8 gene may confer an autosomal dominant mode of inheritance, and the offspring of affected individuals have a 50% chance of inheriting the mutation. 28 Moreover, unlike KCNJ11 gene mutations, ABCC8 gene mutations have also been reported to be inherited in an autosomal recessive pattern. Knowing the mode of inheritance is vital and changes the dynamic of genetic counseling since the risk of unaffected parents having a child with recessive ABCC8 gene mutations dramatically rises to 25%, when compared with heterozygous de novo mutations. However, the offspring of the affected proband have a lower probability of being affected, unlike the case of de novo heterozygous mutations, which confer 50% risk of transmission to the next generation. 11, 13, 29 PNDM secondary to INS, GCK, or PDX1 gene mutations is inherited in an autosomal recessive fashion, which implies that both parents of the affected individual are heterozygote for the mutation. In this case, siblings of the affected child have a 25% risk of having PNDM, while the offspring of an affected child will be heterozygote carriers.
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Treatment of neonatal diabetes
The mainstay of the management of NDM in the immediate newborn period is insulin, regardless of the etiology. 3 Another available treatment option is oral sulfonylurea, which is administered based on the genetic diagnosis of K ATP channel mutations. 30, 31 Treatment with insulin should be started immediately after diabetes is diagnosed by persistent hyperglycemia or elevated glycated hemoglobin (HbA 1c ).
Management of acute hyperglycemia
Neonates with diabetes mellitus can present with significant hyperglycemia, electrolyte disturbance, dehydration, and ketoacidosis. 18 The initial management includes fluid resuscitation with isotonic electrolyte solutions, to treat the dehydration that results from osmotic diuresis. The appropriate fluid therapy is calculated on an individual basis and administered slowly over a period of 24-48 hours to avoid cerebral edema that can result from a rapid correction. 18, 24 Neonates and infants presenting with diabetic ketoacidosis should be managed in an intensive care unit, under the supervision of a pediatric endocrinologist, with frequent monitoring of blood glucose, electrolytes, and neurological status.
Neonatal diabetic ketoacidosis is managed according to the same principles guiding the therapy for children and adolescents with diabetes mellitus. 32, 33 Insulin therapy should be started with careful attention as newborns are very sensitive to insulin and therefore in danger of severe hypoglycemia. A continuous intravenous infusion of regular insulin is started at 0.05-0.1 U/kg/hr and titrated up or down as needed based on the blood glucose levels. 34 The goal of therapy is to allow normal energy utilization by tissues as well as to replace fluids and electrolytes.
Insulin therapy
Insulin therapy is crucial to obtain satisfactory weight gain and growth, especially in babies with IUGR, but the treatment of NDM is complex due to the paucity of subcutaneous fat and the need for the low doses of insulin. Insulin is administered as an intravenous infusion, intermittent subcutaneous therapy, or as continuous subcutaneous insulin infusion (CSII). 24, 35 It is often delivered initially by an intravenous infusion as this enables better titration of doses based on the blood glucose levels. After the initial treatment of the diabetic ketoacidosis, the intravenous infusion of regular insulin should be continued in infants with persistent hyperglycemia, despite reductions in glucose infusion rates, and in those with persistent glucose excursions, while others are transitioned to an appropriate regimen of subcutaneous insulin. 36 Finding a suitable regimen is usually not an easy task as few data are available on the most appropriate insulin preparations for young infants. Patients are transitioned to injections of basal insulin or a combination basal/bolus insulin regimen.
Basal insulin
Basal insulin may be intermediate-acting insulin, like NPH (isophane) insulin or long-acting insulin, like insulin glargine or insulin detemir. Intermediate-acting insulin, like NPH, does not provide insulin delivery profiles that complement the feeding patterns and results in significant swings in glucose levels and hypoglycemia. 35 Insulin glargine, with an almost flat action profile and 24-hour action, would overcome the problems of intermediate acting insulin, but the safety and effectiveness of glargine insulin have not been established in patients less than 6 years of age. 37 However, it is being used in the treatment of toddlers and children with type 1 diabetes mellitus and has shown to be suited for treating newborns and infants, with better glucose control and less hypoglycemia. 37 Glargine is started at a dose of 0.5-1 U/day and is often divided into twice-daily dosing to provide an adequate basal effect. Another long-acting insulin analogue that has been Research and Reports in Neonatology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 21-Oct-2019 For personal use only.
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Neonatal diabetes mellitus used in NDM is insulin detemir. Unlike insulin glargine, insulin detemir has a peak, which results in hypoglycemia. The prolonged action of detemir is due to the binding of fatty acid residues to serum albumin, and the lack of subcutaneous fat and low albumin in many newborns also affects the pharmacokinetics of this insulin. Another long-acting insulin, ultralente, provides good control of blood glucose, but is not available in the USA. 38 Some infants can maintain an appropriate blood glucose level on just small doses of basal insulin without requiring any bolus insulin.
Bolus insulin
Bolus is given with either short-acting insulin, like regular insulin, or rapid-acting insulin, like insulin lispro or insulin aspart. The groups of insulins should be used cautiously as their peak action can result in significant hypoglycemia, even in very small doses. As in children with type 1 diabetes, an insulin to carbohydrate ratio and a ratio of insulin to blood glucose level (insulin sensitivity factor) can be used in newborns and infants to give the bolus for carbohydrate and the high-blood glucose correction.
Diluted insulin
Newborns and infants usually require very small doses of insulin, with gradations in fractions of a unit, which can be difficult to measure with a standard insulin syringe, hence there is a need to use diluted insulin. Diluents appropriate for each insulin are provided by the pharmaceutical companies. 39 Eli Lilly (Eli Lilly and Co, Indianapolis, IN, USA) provides a common diluent for Humalog ® , Humulin N ® , and Humulin R ® and Novo Nordisk (Novo Nordisk A/S, Bagsvaerd, Denmark) provides the insulin diluting medium for Novolog ® . Dilute insulin should be prepared under aseptic conditions by a pharmacist who is familiar with the dilution technique. Usually insulin is diluted to a concentration of 1:10 (equivalent to U-10) or 1:2 (equivalent to U-50). Due to instability issues, diluted insulin loses its potency more quickly than standard insulin and should be discarded 30 days after preparation or earlier, based on the manufacturer's recommendation. 40 Diluted insulin should be used with caution in newborns or infants with impaired liver function due to the presence of some preservatives. The long-acting insulins glargine and detemir usually should not be diluted due to the risk of alteration of the pharmacokinetic profile. However, due to the requirement of very small doses in newborns, these insulin preparations may need to be diluted with normal saline. But studies have not evaluated the efficacy or stability of diluted long-acting insulin products. Extreme caution should be observed when using diluted insulin preparation, in order to avoid dose errors. 27
Continuous subcutaneous insulin infusion
The delivery of small doses of insulin and variable insulin requirements, together with the frequent monitoring of blood glucose, remains a major challenge in NDM. CSII allows for low rates of insulin delivery that are suited for newborns with diabetes. In addition, CSII provides greater flexibility, to adjust for the variability in oral intake as well as changes in energy expenditure as the child grows. 36 When compared with subcutaneous insulin injections, CSII therapy has also been effective in reducing both HbA 1c and hypoglycemic episodes, in patients managing it appropriately. 41 In children on continuous enteral or parenteral nutrition, the total insulin dose is administered as a basal rate, while in orally fed neonates, basal rates combined with boluses can better mimic physiological insulin delivery. 36 Some centers recommend CSII for young infants as it is safe, more physiological, easier to manage than injections, and offers the possibility of very low rates of insulin delivery. 41
Continuous glucose monitoring sensor
A continuous glucose monitoring sensor (CGMS) consists of an electrode sensor that catalyzes glucose oxidation, generating an electric current that is recorded by a monitor. The CGMS is inserted subcutaneously and allows continuous measurement of glucose in the interstitial fluid. The sensor is especially useful in preterm babies and in small for gestational age babies who are at risk for wide excursions in blood glucose levels. The CGMS is programmed to give alerts when glucose levels are either lower or higher than acceptable limits, and this feature enables the caregiver to respond promptly. The prompt care is clinically important as both hypoglycemia and hyperglycemia are associated with acute neurophysiological abnormalities and later neurodevelopmental impairment. However, despite its proposed advantages for continuous blood glucose measurement, there is limited experience with its use, or accuracy in newborns. 42 Further studies are required to validate the use of CGMS in newborns.
Oral sulfonylurea
Patients with NDM were previously believed to require lifelong insulin treatment as they have little or no endogenous insulin. The identification of K ATP channel mutations in these patients has revolutionized the treatment of NDM.
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The oral sulfonylureas commonly used in adults with type 2 diabetes mellitus have been used with success in cases of NDM caused by mutations in the KCNJ11 and ABCC8 genes. Sulfonylurea binds to the SUR1 subunits of the K ATP channel and closes the channel in an ATP-independent manner, causing membrane depolarization and insulin secretion. 43 In the same way, sulfonylurea causes insulin secretion in the mutated K ATP channels by binding to the SUR subunits. Of the known genetic subtypes of NDM, only patients with activating KCNJ11 or ABCC8 gene mutations respond to treatment with a sulfonylurea. Sulfonylurea can be started in a patient as soon as the genetic diagnosis is established, and a trial of sulfonylurea in NDM without a genetic diagnosis is not recommended. 44 Patients on insulin can be transitioned to oral sulfonylurea over a period of a few weeks to months as an outpatient or over few days as an inpatient, based on specific protocols. 30 In both settings, the dose of sulfonylurea is increased with a concomitant reduction in insulin dose, based on the blood glucose levels. About 90% of patients with KCNJ11 gene mutations and 85% of patients with ABCC8 gene mutations can successfully transition from insulin to sulfonylurea. 30, 31 It has been shown that patients with ABCC8 gene mutation require lower doses of sulfonylurea than those with KCNJ11 gene mutation and hence, require a different treatment protocol. 31 Infants as young as 1 month have been successfully transitioned to sulfonylurea therapy. 45 Long-term insulin therapy is required for all other causes of PNDM, although a mild beneficial effect of oral sulfonylurea has been reported in patients with GCK gene mutations. 46 Treatment with sulfonylurea reduces fluctuations in blood glucose and improves the glycemic control by reducing HbA 1c levels without concomitant hypoglycemia. 13, 14 This improvement in glycemic control reduces the risk of diabetic complications. In addition to the diabetes control, nonspecific sulfonylurea drugs, like glibenclamide (glyburide), improves neurological function by improving both muscle strength and cognitive function. 47, 48 Improved neurodevelopmental outcome has been reported in children with intermediate and complete DEND syndrome treated with sulfonylurea, but the best outcome is seen if transition occurs early in the first 6 months of life. 49 A small group (10%-15%) of patients with KCNJ11 and ABCC8 gene mutations do not respond to sulfonylurea therapy. This lack of response could be attributed to the characteristic of the specific mutation, to B-cell glucotoxicity from prolonged poor control before transfer to sulfonylureas, or to noncompliance. 30 In fact, patients should be given a trial of sulfonylurea for a period of at least 3 months, with a dose as high as 1.5 mg/kg/day, before considering it as a treatment failure as B-cell function improves with time on sulfonylureas. 50 Sometimes, even identical mutations within the same family can produce a variable clinical picture and different responses to treatment. 51 Most patients with K ATP channel mutations are treated with glibenclamide. Other first and second generation sulfonylurea drugs, like tolbutamide, glipizide, gliclazide, and glimepiride, have been used with success in patients with K ATP channel mutation. 30, 31 The doses required in the treatment of NDM are usually higher than those used in patients with type 2 diabetes mellitus. 49 With time, many patients have been able to reduce their doses of sulphonylureas and maintain excellent glycemic control. Despite the requirement of high doses, the side effects of sulfonylurea are mild and transitory. The most common side effects are diarrhea, nausea, vomiting, and abdominal pain. 52 Hypoglycemia, transient allergic skin reactions, and tooth discoloration are some of the less common side effects. 14, 53 Also, the unknown interactions of sulfonylurea with the extrapancreatic K ATP channels found in the cardiac, smooth and skeletal muscles, adipocytes, and brain are of concern for long-term use in children.
Follow up of patients on sulfonylurea for more than 68 months has showed that chronic sulfonylurea therapy retains its efficacy in patients with PNDM, contrary to the findings reported in type 2 diabetes, where secondary sulfonylurea failure has been reported. 54 Capillary blood glucose monitoring and close follow up is needed in all patients treated with sulfonylurea. Parents and patients should understand that the risk of hypo-and hyperglycemia exists on sulfonylurea treatment, and education in their prevention and treatment should be given. Parents should also be cautioned that insulin may be needed, at times, for eg, to control high blood sugars during illness. 55
Diet
All newborns with NDM should receive a high caloric diet along with an adequate amount of insulin to promote satisfactory weight gain and growth. 1 Any reduction of glucose and calories to improve hyperglycemia in these babies significantly affects their weight gain. 1 A high caloric diet can be achieved with the help of the dietician, who can assist in calculating the calories and in determining the carbohydrate content of breast milk or formula. The carbohydrate content of term human milk and the standard infant formula are similar (approximately 70-75 g/L), and the carbohydrate content of human milk fortifier is negligible (,0.1 g/packet). Dietary management requires a team approach to address the caloric needs and carbohydrate counting.
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Follow up
Frequent monitoring of blood glucose and the maintenance of blood glucose in the appropriate range is essential to prevent acute and long-term complications. The HbA 1c should be monitored every 3 months and the level maintained between 7.5%-8.5%. 56 All patients with TNDM need-long-term follow up due to the potential for recurrence of diabetes in later life. If there is recurrence, the treatment varies between diet, oral hypoglycemic agents, and insulin. 57 Patients need annual screening for the chronic complications of diabetes, including urinalysis for microalbuminuria and ophthalmologic examination for retinopathy. 27 While the course and severity of the disease varies greatly and is dependent on genetic etiology, patients can have good health and normal intellectual development. 58 In conclusion, NDM is a rare disease that presents as either the TNDM or PNDM form. With advances in molecular genetics, various genetic subtypes have been identified, and treatment varies with the type of disease. Molecular genetic diagnosis is recommended in all patients with NDM. The majority of patients with K ATP channel mutation respond successfully to oral sulfonylurea therapy, which markedly decreases the complexity of diabetes management and provides a better quality of life. 
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